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[57] ABSTRACT 
An integrated control system for a power plant having 
a generator, a turbine, a gate for controlling ?ow 
through the turbine, a voltage regulator, a bus and a 
main circuit breaker. The control system comprises a 
nonvolatile memory for storing con?guration data that 
includes a plurality of con?guration parameters for the 
power plant. The control system further includes input 
devices for producing input data concerning current 
plant conditions including turbine speed, gate position, 
generator current and voltage, bus current and voltage, 
and the position of the main circuit breaker. A multi 
tasking processor processes the input data in accor 
dance with the con?guration data, to produce control 
signals for controlling the power plant. An editing func 
tion is also provided to enable an operator to edit the 
con?guration data, so that the control system can 
readily be con?gured for a particular power plant. The 
editing function may be provided by including a com 
munication port through which the con?guration data 
may be loaded to and from an external device on which 
the con?guration data is edited. 

2 Claims, 16 Drawing Sheets 
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CONTROL SYSTEM FOR ELECTRIC POWER 
PLANT 

FIELD OF THE INVENTION 

The present invention relates to electric power gener 
ating plants such as hydroelectric plants, and in particu 
lar to systems for controlling the operation of such 
plants. 

BACKGROUND OF THE INVENTION 

Control of a modern electric power plant is a com 
plex process. At the most general level, such a plant 
comprises a generator coupled to a turbine or other 
source of mechanical power, a circuit breaker for con 
necting the generator to a bus, and a transformer for 
connecting the bus to a power grid. In a hydroelectric 
plant, a turbine converts the energy of moving water to 
rotation of the generator. The control system for an 
electric power plant must be capable of managing a 
large assembly of devices and instruments in real time. 
For example, the control system must regulate the gen 
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erator ?eld to regulate voltage or power, control the > 
circuit breaker such that it opens and closes at appropri 
ate times, and monitor and control all relevant turbine 
parameters such that the generator can produce the 
appropriate frequency output when the plant is being 
starting up or reconnected to the grid, or the appropri 
ate energy level once the plant is connected to the grid. 

In the past, the most typical approach to control 
systems for electric power plants has been to instal a 
large number of sensors, relays, and dedicated control 
systems for controlling particular aspects of plant oper 
ation. For example, in a hydroelectric plant, a control 
system will be provided for sensing turbine speed and 
generator voltage and for responsively regulating the 
water ?ow in accordance with prede?ned criteria. A 
typical power plant thus includes a large number of 
separate instruments, many of which were installed at 
different times and produced by different manufactur 
ers. Typical instruments found in a present day power 
plant include transducers for voltage, amperage, VARs, 
watts, watt hours, frequency and power factor, meters 
for displaying measured values of all of the above pa 
rameters, relays for controlling the governor, the dis 
play of alarms, the start and stop functions, automatic 
synchronizing functions and so forth, plus a large num 
ber of protective relays scattered throughout the plant. 
Information is typically reported to an operator via an 
annunciator panel that consists of a grid of transparent 
displays that can be selectively illuminated. A tradi 
tional way of keeping records in a power plant is a log 
sheet, i.e., a clipboard that must be ?lled out with meter 
ing data at frequent intervals. Some power plants have 
chart recorders for stator and bearing temperatures, and 
separate chart recorders for automating the log sheet 
function. 

In view of the above, it is clear that there is a need for 
an integrated control system for operating electric 
power plants. However development of such a control 
system is a dif?cult task. An integrated control system 
must be cost effective, must be reliable and fail-safe 
under all conditions, and must be readily adaptable to 
each particular power plant in which it is installed. 
Because virtually no two power plants are alike, it is this 
latter requirement in particular that has to date pre 
vented the development of an effective, integrated 
power plant control system. In particular, although 
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2 
control systems for individual power plants have been 
designed and installed, such control systems in the past 
have been one of a kind adaptions to a particular power 
plant con?guration. 

SUMMARY OF THE INVENTION 

The present invention provides an integrated control 
system for an electric power plant such as a hydroelec 
tric generating plant. The control system is designed 
such that the parameters required to adapt the control 
system to a particular power plant are stored in nonvol 
atile memory means, and are accessible to a operator of 
the plant. The control system can therefore be readily 
adapted to a particulr power plant, without requiring 
customized design work. 

In a preferred embodiment, the control system is 
adapted for controlling a power plant that comprises a 
generator, a turbine for converting the ?ow of a ?uid 
(i.e., a liquid or gas) into mechanical power to drive the 
generator, control means for regulating the ?ow of such 
fluid, a voltage regulator, a bus, and a main circuit 
breaker for selectively connecting the generator to the 
bus. The voltage regulator controls the generator ?eld 
in accordance with a predetermined voltage setpoint, to 
thereby control the voltage produced by the generator. 
The control system comprises nonvolatile memory 
means, input means, multitasking processing means and 
edit means. The nonvolatile memory means stores con 
?guration data comprising a plurality of con?guration 
parameters for the power plant. The input means pro 
duces input data concerning current plant conditions, 
including turbine speed, control means state or position, 
generator current and voltage, the current and voltage 
on the bus, and the position of the main circuit breaker. 
The multitasking processing means processes the input 
data in accordance with the con?guration data, to pro 
duce control signals for controlling the power plant. 
Such control signals include breaker signals for tripping 
and closing the main circuit breaker, voltage level sig 
nals for establishing the voltage setpoint of the voltage 
regulator, and a control signal for controlling the state 
or position of the control means. Finally, the edit means 
enables an operator to edit the con?guration data, to 
thereby con?gure the control system for a particular 
power plant. In a preferred embodiment, the control 
system further comprises a communication port 
through which the con?guration data may be loaded to 
and from an external device on which the con?guration 
data may be edited. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an overall block diagram of an electric 
power plant with a control system according to the 
present invention; 
FIG. 2 is a block diagram of the controller; 
FIG. 3 is a relay ladder diagram of the shutdown 

module; 
FIG. 4 is a chart illustrating the operating modes; and 
FIGS. 5(a through f) and 6-16 are ?ow charts of the 

software for operating the controller. 

DETAILED DESCRIPTION OF THE 
INVENTION 

One preferred embodiment of the invention will be 
described herein with reference to a hydroelectric 
power plant having a Francis turbine. Referring to FIG. 
1, the principal components of the power plant include 
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generator 12, turbine 14, main circuit breaker 16, bus 18 
and transformer 20. The ?ow of water through the 
turbine is controlled by gate 22. The voltage produced 
by generator 12 is controlled by voltage regulator 24 
that is coupled to the ?eld coils of the generator via 
interface circuit 26 and ?eld circuit breaker 28. When 
main circuit breaker 16 is closed, the generator is cou 
pled via transformer 20 to a power grid. In a multiple 
generator plant, bus 18 would also be coupled to other 
generators. 

In the embodiment shown in FIG. 1, the control 
system of the present invention comprises controller 30, 
con?guration computer 32, console 34 and printer 36. 
Controller 30 directly controls the components of the 
power plant, utilizing con?guration data 40 that is 
stored in electronically erasable, programmable read 
only memory (EEPROM) within the controller. The 
con?guration data may be modi?ed by an operator of 
the power plant by means of con?guration computer 32. 
In particular, con?guration data 40 can be transferred to 
and from the con?guration computer via communica 
tion line 42 that may comprise an RS-232 serial inter 
face. The con?guration computer may be operated so as 
to edit the con?guration data, whereupon the edited 
con?guration data can be transferred back to controller 
30 over the communication link. Console 34 is provided 
for enabling an operator to enter commands to control= 
ler 30, and to display current operating conditions, 
alarms, and other pertinent information to the operator. 
Printer 36 functions to print a log to reliably record 
events relating to operation of the power plant. 
FIG. 1 illustrates the interconnections that permit 

controller 30 to monitor and control power plant opera 
tion. The voltage and current on bus 18 are measured by 
potential transformer (PT) 50 and current transformer 
(CT) 52 respectively. The voltage and current output 
by generator 12 are similarly monitored by PT 54 and 
CT 56. Control lines 60 and 62 interconnect controller 
30 and main circuit breaker 16, and carry TRIP and 
CLOSE signals for respectively tripping (opening) and 
closing the main circuit breaker. The main circuit 
breaker position (opened or closed) is monitored by the 
controller via a BREAKER POSITION signal on line 
64. The temperature of the stator or generator 12 are 
monitored by the controller via a TEMPERATURE 
signal on line 86. Additional monitoring lines and tem 
perature sensors may be provided for other elements of 
the power plant such as the generator bearings. The 
state of ?eld circuit breaker 28 is controlled by FIELD 
ON and FIELD OFF signals on lines 82 and 84 respec 
tively. RAISE and LOWER signals for raising and 
lowering the voltage setpoint of voltage regulator 24 
are provided by controller 30 on lines 66 and 68 respec 
tively. The controller monitors the speed of turbine 14 
via line 70, and controls gate 22 via a GATE CON 
TROL signal on line 72. The controller monitors the 
gate position by means of a GATE POSITION signal 
on line 74. 
The principal hardware components of controller 30 

are illustrated in FIG. 2. The controller includes CPU 
100 and memories 102, 104 and 106. Memory 102 is a 
RAM memory, and is used for the temporary storage of 
data. Memory 104 is an erasable, programmable read 
only memory (EPROM), and is used for storage of 
programs used to operate CPU 100. Memory 106 is an 
EEPROM memory, described above, and is used for 
storage of the con?guration data. The con?guration 
data is transferred to and from the controller via RS 232 
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4 
interface 108. Interfaces 110 and 112 are provided for 
console 34 and printer 36 respectively. 
Other components of controller 30 shown in FIG. 2 

include PID controller 120, shut-down module 122, 
relay control module 124 and associated relay panel 
126, and input modules 130, 132, 134 and 136. PID 
controller 120 receives the TURBINE SPEED and 
GATE POSITION signals on lines 70 and 74 respec 
tively, and provides the GATE CONTROL signal on 
line 72. Suitable PID controllers are well-known to 
those skilled in the art of process control. Input module 
130 is provided for DC inputs, and is also connected to 
receive the TURBINE SPEED signal on line 70 and 
the GATE POSITION signal on line 74. Input module 
132 is a conventional RTD input module, and is con 
nected to receive one or more TEMPERATURE sig 
nals, such as the stator temperature signal on line 82. 
Module 134 is an AC input module, and receives the 
signals from the CTs and PTs. Input module 136 is a 
digital input module, and is connected to receive the 
BREAKER POSITION signal on line 64, and one or 
more alarm signals collectively indicated by the signal 
ALARMS on line 138. For each alarm signal, the digi 
tal input module provides a pair of terminals, and means 
for sensing whether an external switch connected to the 
terminals is open or closed. Input module 136 is also 
connected to external auto switch 140 and external sync 
switch 142 for permitting an operator to specify the 
Auto and Synchronize modes, as described below. 
Shut-down module 122 includes start and stop 

switches 144 and 146 respectively. The start/stop status 
of the shutdown module is communicated to input mod 
ule 136 via line 148. The status of certain of the alarm 
inputs to the digital input module are sent to shut-down 
module 122 via lines 150. In particular, each alarm in the 
digital input modle can be con?gured as either a hard 
ware or software alarm. Hardware alarms are routed to 
the shutdown module via lines 150. Software alarms are 
sensed by CPU 100, as described more fully below. 
Relay control module 124 controls circuit breakers 16 
and 28 and voltage regulator 24. Main circuit breaker 16 
is controlled via TRIP and CLOSE lines 60 and 62 
respectively, voltage regulator 24 is controlled by 
RAISE and LOWER signals on lines 66 and 68 respec 
tively, and ?eld circuit breaker 28 is controlled by 
FIELD ON and FIELD OFF signals on lines 82 and 84 
respectively. Relay panel 126 is provided for permitting 
an operator to manually control any of these relay sig 
nals. 
FIG. 3 presents a relay diagram illustrating the opera 

tion of shut-down module 122. The shut-down module 
includes normally open start switch 144 and normally 
closed STOP switch 146. Additional normally open 
start switches may be connected in parallel with start 
switch 144, and additional normally closed stop 
switches may be connected in series with stop switch 
146. One additional start switch 160 and one additional 
stop switch 162 are shown in FIG. 3. FIG. 3 also illus 
trates auto/manual relay 152 and associated normally 
open auto contacts 164 and normally closed manual 
contacts 165 and 166, normally open internal auto 
switch 154 and external auto switch 156, normally open 
internal start contacts 167, normally closed internal stop 
contacts 168, watch-dog contacts 170, start relay 
contacts 172 controlled by start relay 174, and stop 
relay contacts 176 controlled by stop relay 178. Stop 
relay 178 is energized by an alarm signal on any one of 
lines 150 from the digital input module. Switches 144, 
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146, 154, 156, 160 and 162 are controlled by an operator 
of the power plant. Internal start contacts 167 and inter 
nal stop contacts 168 are operated by CPU 100 in a 
manner to be described. Auto contacts 164 and manual 
contacts 165 and 166 are controlled by auto/manual 
relay 152. The auto contacts are closed and the manual 
contacts are open when the controller is in Auto mode 
with either of switches 154 or 156 closed. When the 
controller is not in Auto mode, the manual contacts are 
closed and the auto contacts are open. Watch-dog 
contacts 170 are connected to a conventional watch 
dog circuit for monitoring CPU 100. If the CPU re 
mains inactive for a prescribed length of time, the 
watch-dog circuit resets the CPU and opens watch-dog 
contacts 170. The entire circuit in FIG. 3 is connected 
to a source of positive potential, such as source prefera 
bly being a battery to permit operation the shut-down 
module independently of the availability of line power. 
The condition of start relay 174 is sensed by control— 

ler 30 via line 148 and digital input module 136, and 
used to determine whether the power plant is in a 
started or stopped state. The operation of the circuit 
shown in FIG. 3 can be described by initially assuming 
that the system is in a manual stopped state with all stop 
switches and contacts closed, manual contacts 165 and 
166 closed, all start switches and contacts open, auto 
contacts 164 open, watch-dog contacts 170 closed, and 
no alarm signals on lines 150. In this state, there is no 
current through start relay 174 or stop relay 178, and as 
a result start relay contacts 172 are open and stop relay 
contacts 176 are closed. When an operator then momen 
tarily closes start switch 144, a current path is created 
through the start switch, manual contacts 165 and 166, 
stop relay contacts 176, stop switches 146 and 162, and 
start relay 174, thus energizing the start relay and put 
ting the system into the started state. Energization of 
the start relay closes start relay contacts 172, such that 
the start relay remains energized and the system remains 
in the started state even when normally open start 
switch 144 is then released. As long as the system re 
mains in manual mode, the started state will continue 
until stop switch 146 or stop switch 162 is actuated by 
an operator, or until stop relay contacts 176 are opened 
due to the presence of an alarm on lines 150. In any of 
these cases, cessation of current through start relay 174 
causes start relay contacts 172 to open, putting the sys 
tem into the stopped state. The system will then remain 
in the stopped state even after stop switches 146 and 162 
are allowed to close and/or the alarm condition ceases. 
When auto/manual relay 152 is energized by closure 

of switch 154 or 156, manual contacts 165 and 166 are 
open, and auto contacts 164 are closed. Start switches 
144 and 160 are thus effectively removed from the cir 
cuit, and current through the upper portion of the relay 
ladder can only be initiated by the closure of internal 
start switch 167. Similarly, the opening of manual 
contacts 166 puts internal stops contacts 168 and watch 
dog contacts 170 and back into the circuit. Thus in Auto 
mode, the normal starting and stopping operations are 
controlled by the internal start and stop contacts, but 
external stop switches 146 and 162 remain operative to 
force the system into the stopped state. 
The operating modes of a preferred embodiment of 

the control system are shown in more detail in FIG. 4. 
There are two stopped modes-Emergency Stop and 
Normal Stop, and four started modes-Isolated,’ Syn 
chronized, On-Line and Auto. The mode that the sys 
tem is in at any given time is governed by the state relay 
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174 (FIG. 3), the state of sync switch 142 and auto 
switch 140 (FIG. 2), and the position (open or closed) of 
main circuit breaker 16. With respect to the condition of 
start relay 174, the state ON means that the relay is 
energized and that start relay contacts 172 are closed, 
while the state OFF designates that the relay is not 
energized and that start relay contacts 172 are open. As 
shown in FIG. 4, the system is in one of the stopped 
modes (Emergency or Normal) whenever the start 
relay is off, Emergency Stop mode corresponding to an 
open breaker and Normal Stop mode corresponding to 
a closed breaker. With the start relay ON, the system 
will be in Isolated mode whenever sync switch 142 is 
open, i.e., whenever the operator has not selected Sync 
mode. When Sync mode has been selected, the system 
will be in Synchronize mode when the breaker is open, 
and will be in either On-Line or Auto mode when the 
breaker closes, the selection between On-Line and Auto 
modes being determined by the position of auto switch 
140. 

In the Emergency Stop mode, the system will open 
?eld circuit breaker 28, and will move gate 22 to a 
predetermined position in a predetermined time period, 
such position and time period being con?gurable by 
means of con?guration data 40. In the Normal Stop 
mode, the control system will either move the gate as in 
the Emergency Stop mode, or attempt to maintain the 
generator frequency at the nominal system frequency. 
The Isolated mode is intended for use when the system 
will be used as a stand-alone power generator, not con 
nected to a power grid. In such a con?guration, the 
power plant cannot relay on the grid to maintain the 
prescribed voltage and frequency, and the control sys 
tem will therefore control these parameters itself. In 
particular, in the Isolated mode, the control system will 
maintain the frequency of the generator output at either 
a nominal system frequency or at a crystal controlled 
clock frequency. In this mode, the breaker will be 
closed whenever the generator frequency matches the 
nominal frequency. Furthermore, ?eld circuit breaker 
28 will be closed when a prescribed frequency range has 
been achieved, and voltage regulator 24 will control the 
generator voltage to a con?gurable setpoint. 

Synchronize mode is used to start the power plant 
when the power plant is to be connected to an external 
power grid. In Synchronize mode, the control system 
will control the generator speed to match the phase and 
frequency of the generator output to the phase and 
frequency on bus 18, and will close main circuit breaker 
16 when the phase, frequency and voltages match. FIG. 
4 indicates that when main circuit breaker 16 is closed, 
the system will change to the On-Line or Auto mode, 
depending upon the state of auto switch 140. In On-Line 
mode, gate 22 will be open to a con?gurable position, 
and the control system will permit this position to be 
varied by an operator via console 34. In Auto mode, the 
operator can select from up to ten different power con 
trol modes that are described below. 
Though the description given above has been for a 

hydroelectric plant having a Frances turbine, the de 
scription would be largely unchanged for other types of 
power plants. For example, in a hydroelectric plant 
having an impulse or Pelton type turbine, deflectors 
serve the role played by gate 22 in the Frances turbine 
system. Thus in a controller for an impulse-type hydro 
electric plant, controller 30 would provide a DEFLEC 
TOR CONTROL signal to the de?ectors, and receive a - 
DEFLECTOR POSITION signal from the de?ectors. 














